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Sporocysts are elongate-ovoid, 13.0 x 6.1 (14.5-12.5 x 5.5-7.0) µm, sporocyst L/W ratio, 2.13 25 (2.0-2.2), sporocyst residuum was present, composed of numerous granules in a spherical or 26 ovoid mass. Each sporocyst contained 2 banana-shaped sporozoites, 12.3 x 3.5 (11.8-13.0 x 27 3.3-3.6) µm. A spherical-ellipsoid posterior refractile body was found in the sporozoites. A 28 nucleus was located immediately anterior to the posterior refractile body. Molecular analysis 29 was conducted at three loci; the 18S and 28S ribosomal RNA genes and the mitochondrial 30 cytochrome oxidase gene (COI). At the18S locus, the new isolate shared 98.0% genetic 31 similarity with three Isospora isolates from Japan from the domestic pigeon (Columba livia 32 domestica). At the 28S locus, it grouped separately and shared 92.4% and 92.5% genetic 33 similarity with Isospora anthochaerae (KF766053) from a red wattlebird (Anthochaera 34 carunculata) from Australia and an Isospora sp. (MS-2003 -AY283845 ) from a Himalayan 35 grey-headed bullfinch (Pyrrhula erythaca) respectively. At COI locus, this new isolate was in 36 a separate clade and shared 95.6% and 90.0% similarity respectively with E. tiliquae n. sp. 37 from a shingleback skink in Australia and an Eimeria sp. from a common pheasant 38 (Phasianus colchicus) from America. Based on the morphological data, this isolate is most 39 M A N U S C R I P T species and infer phylogenetic relationships among Eimeria species.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
In the present study, we characterized an Eimeria isolate in a domestic pigeon 67 (Columba livia domestica), using both morphological and molecular techniques. pigeon had a large old wound to the neck and another on a wing. It underwent surgery and 78 made a full recovery. A faecal sample was taken soon after admission and microscopy 79 revealed unsporulated coccidian oocysts. 80
Faecal flotation was conducted using a saturated sodium chloride and 50% sucrose 81 (w/v) solution. A portion of faeces was placed in 2% (w/v) potassium dichromate solution 82 (K 2 Cr 2 O 7 ), mixed well and poured into petri dishes to a depth of less than 1cm and kept at 83 room temperature in the dark to facilitate sporulation. Sporulated oocysts were observed using 84
an Olympus DP71 digital micro-imaging camera and images were taken using Nomarski 85 contrast with a 100 x oil immersion objective. Faecal samples from another 19 domestic 86 pigeons were collected (after midday) and also screened for coccidia. 87 Oocyst DNA extraction was as described by Yang et al. (2014) . Briefly, isolated single 96 oocysts were placed on a slide and checked under the microscope (Olympus DP71 digital 97 micro-imaging camera). Once the existence of a single oocyst on the cover slip was 98 confirmed, photographs were recorded for morphological identification. The coverslip was 99 then transferred into a PCR tube containing 10 µl of lysis buffer (0.005% SDS in TE 100 solution). After a brief centrifugation, the tube was frozen in liquid nitrogen and thawed in a 101 95 °C water bath for four rounds to disrupt the oocyst wall. After the addition of 0.5 µl 102 proteinase K (20 mM), the tube was incubated at 56 °C for 2 h and then at 95 °C for 15 min. 103
The entire lysate from the single oocyst was used for three separate PCRs as described below. 104 105
PCR amplification and sequencing 106 107
A nested PCR with the primers EiGTF1 and EIGTR1 (Yang et al., 2015) was used for 108 the external amplification of the 18S rRNA gene. The expected PCR product was ~1,510 bp. 109
The primers EiGTF2 and EiGTR2 (Yang et al., 2015) were used for the internal reaction. The 110 PCR reaction contained 2.5 µL of 10 × Kapa PCR buffer, 2 µl of 25 mM MgCl 2 , 1.0 µL of 10 111 mM dNTP's, 10 pM of each primer, 1 unit of KapaTaq (Geneworks, Adelaide, SA), 3.5 µL ofM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
6 cycle of 94ºC for 3 min, followed by 40 cycles of 94ºC for 30 sec, 55ºC for 30 sec and 72ºC 115 for 2 min and a final extension of 72ºC for 5 min. 116
The PCR for the 28S rRNA locus was carried out using a nested PCR with the external 117 primers: 28SExF and 28SExR as previously described (Schrenzel et al., 2005) , which 118 produced a PCR product size of ~1,362 bp. The internal primers, 28InF and 28SInR, 119
produced an amplicon size of 1,420 bp (Yang et al., 2014) . The PCR reaction contained 2.5 120 µL of 10 × Kapa PCR buffer, 2 µL of 25mM MgCl 2 , 1 µL of 10 mM dNTP's, 10 pM of each 121 primer, 1 unit of KapaTaq (Geneworks, Adelaide, SA), 3.5 µL of DNA and 16.9 µL of H 2 O. 122
Both primary and secondary PCR's were conducted using the same cycling conditions; 1 123 cycle of 94ºC for 3 min, followed by 35 cycles of 94ºC for 30 sec, 60ºC for 30 sec and 72ºC 124
for 90 sec and a final extension of 72ºC for 5 min. The amplicons from the second round PCRs were gel purified using an in house filter 135 tip method as previously described (Yang et al., 2013b) . All the PCR products were 136 sequenced using forward and reverse primers in duplicate using amplicons from different 137 PCR runs. An ABI Prism TM Dye Terminator Cycle Sequencing kit (Applied Biosystems,
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Foster City, California) was used for Sanger sequencing according to the manufacturer's 139
instructions. 140
The results of the sequencing reactions were analysed and edited using FinchTV 141 (Version 1.4), compared to existing Eimeria spp. 18S and 28S rRNA and COI sequences on 142
GenBank using BLAST searches and aligned with reference genotypes from GenBank using 143
Clustal W in BioEdit (V7.2.5). 144 145
Phylogenetic analysis 146 147
Phylogenetic trees were constructed for Eimeria spp. at the 18S, 28S and COI loci with 148 additional isolates from GenBank. Parsimony analyses were conducted using MEGA 149 (Molecular Evolutionary Genetics Analysis software, version 6, Arizona State University, 150
Tempe, Arizona, USA). Neighbor-joining (NJ) and maximum likelihood (ML) analyses were 151 conducted using Tamura-Nei based on the most appropriate model selection using ModelTest 152 in MEGA 6. Bootstrap analyses were conducted using 1,000 replicates to assess the reliability 153 of inferred tree topologies. 154 155
Results 156
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8 micropyle was absent. Sporocysts are elongate-ovoid, 13.0 x 6.1 (14.5-12.5 x 5.5-7.0) µm, 164 sporocyst L/W ratio, 2.13 (2.0-2.2), sporocyst residuum was present, composed of numerous 165 granules in a spherical or ovoid mass. Each sporocyst contained 2 banana-shaped sporozoites, 166 12.3 x 3.5 (11.8-13.0 x 3.3-3.6) µm. A spherical-ellipsoid posterior refractile body was found 167 in the sporozoites. A nucleus was located immediately anterior to the posterior refractile 168
body. 169
Host: Domestic pigeon (Columba livia domestica). 170
Locality: Perth, Western Australia. 171
Prevalence: Ten out of twenty pigeons screened were found to be positive (50% at this locus using Distance, Parsimony and ML analyses produced similar results (Fig. 2, ML  186 tree shown). The E. labbeana-like isolate grouped in a clade with three Isospora isolates fromM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT domestica) and shared 98.0% genetic similarity (Fig. 2) 91% each genetic similarity with two chicken Eimeria species; E. tenella (AF026388) and E. 202 acervulina (GU593707) (Fig. 3) . 203 204
Phylogenetic analysis of the E. labbeana-like isolate at the COI locus 205 206
Phylogenetic analysis of the 670 bp COI sequence placed the E. labbeana-like isolate in 207 a clade with E. dispersa (KJ608416) (95.6% similarity), a turkey-derived Eimeria (Fig. 4) . and no molecular characterization was conducted (Pinto, 1928) . We are therefore unable to 222 fully compare this isolate with E. labbeana but have named it as E. labbeana-like due to the 223 high similarity of the oocyst measurements (Table 1) . 224
Molecular characterization of the oocysts of the E. labbeana-like isolate at the 18S 225
rRNA locus showed that it was most closely related (98.0% genetic similarity) to Isospora 226 isolates from the domestic pigeon (Columba livia domestica) from Japan. There were 5 227 cloned 18S sequences, all reportedly Isospora sequences from a domestic pigeon in Japan 228 (AB757860 to AB757864) and two Isospora sequences from an Austral thrush (Turdus 229 falklandii) from Spain (JX984668 and JX984669), available in GenBank. Three of the 230 Japanese isolates (AB757861, AB757863 and AB757864) grouped with the E. labbeana-like 231 isolate at the 18S locus (Fig. 2) . However, the remaining two Japanese isolates (AB757860 232 and AB757862) grouped in a separate clade with the Isospora sequences from the Austral 233 thrush (JX984668 and JX984669) (Fig. 2) . This indicates that three of the Japanese isolates 234 (AB757861, AB757863 and AB757864) were actually Eimeria isolates, while the remaining 235 two sequences (AB757860 to AB757864) were Isospora, as they grouped with the Isospora 236 sequences from the Austral trush. Phylogenetic analysis of COI gene sequences also grouped and 91% each genetic similarity with two chicken Eimeria species; E. tenella (AF026388) 242 and E. acervulina (GU593707) (Fig. 3) . 243
Morphological analysis further confirmed that the E. labbeana-like isolate is an 244
Eimeria as this parasite is differentiated from Isospora by the typical features for the Eimeria 245 oocyst with 4 sporocysts per oocyst and 2 sporozoites per sporocyst (Becker, 1934) (Fig. 1a  246 and 1b), whereas Isospora oocysts have 2 sporocysts per oocyst and 4 sporozoites per 247 sporocyst (Becker, 1934) . 248
In summary, this is the first report of the morphological and molecular 249 characterization of an Eimeria species in the domestic pigeon from Australia. Future 250 characterisation of Eimeria species in pigeons is necessary, using a combination of 251 morphological, biological and molecular techniques. 
